Goats were grouped into three health categories based on the clinically and serologically proven cases: infected nonaborting (group A) (n = 10), infected aborting (group B) (n = 10), and non-infected (group C) (n = 10). In all groups, blood samples were collected and analysed for malondialdehyde (MDA) and nitric oxide (NO) levels in plasma, haptoglobin (Hp) and amyloid A (SAA) in serum, and superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activities in erythrocytes. A statistically significant decrease in GSH-Px and SOD activities and increase in MDA, NO, Hp, and SAA levels were observed in groups A and B compared to group C. Additionally, MDA, NO, Hp, and SAA levels of the aborting goats were significantly higher, whereas SOD levels were lower than those of the non-aborting groups.
Introduction
Border disease (BD) is an infectious disease, which is found in sheep and goats, causing abortion, stillbirths, and/or weak offspring (2, 9) . Border disease virus (BDV) belongs to the genus Pestivirus, which also comprises bovine viral diarrhoea virus (BVDV) and classical swine fever virus (CSFV). The general Pestivirus and Flavivirus, and hepatitis C virus are included in the family Flaviviridae (35) .
Under normal physiological conditions, a balance exists between the reactive oxygen species (ROS) production and the efficiency of antioxidants, including both enzymatic (superoxide dismutase, glutathione peroxidase, catalase, etc.) and non enzymatic (glutathione, β-carotene, vitamin A, etc.) systems (22) . Research on oxidative stress has been associated with various pathological processes in veterinary medicine (15) . The stress occurs when antioxidant balance is disrupted by the excessive production of ROS and/or an inadequate antioxidant defence system (22) , and ROS in excess may cause damage of DNA and proteins, and lipid peroxidation (33) . Malondialdehyde (MDA), a global and very crude indicator of lipid peroxidation, occurring under oxidative stress, remains the most useful marker in clinical settings (3) .
The acute phase proteins (APPs) are blood proteins that can be used to assess the innate immune system's systemic response to infection, inflammation, trauma, and stress (25, 30, 31) . These biomarkers are highly sensitive indicators of inflammation; however, they lack specificity and there are major species differences in the APP response (10) . Ruminants are significantly different to other species in their acute phase response in which haptoglobin (Hp) is a major APP (30) . Furthermore serum amyloid A (SAA) and 1 acid glycoprotein (AGP) are important APPs in goats (25) .
There have been no studies focusing on oxidative stress, antioxidants, and acute phase proteins in goats with BD. Thus, the aim of the study was to evaluate the differences and similarities of blood oxidative stress biomarkers (MDA and nitric oxide), antioxidant levels (SOD and GSH-Px), and APP activity (Hp and SAA) in aborting and non-aborting goats with BD.
Material and Methods
Study area and animals. Ten infected nonaborting (group A), and ten infected aborting goats (group B) with BD (BDV-positive and antibodypositive) were collected from the infected herd (n = 98), as well as ten non-infected goats (group C) from a healthy (BDV-free and antibody-negative) herd (n = 88) were used in this study. Age of the animals varied between 2 and 4 years, whereas the mean body weight was of approximately 40-50 kg. The goats were fed straw, barley, and concentrated feed in addition to pasture grass, and had access to water ad libitum. None of the animals had been vaccinated against BDV.
Information about abortions, births of kids with poor survival rate, and clinical signs were obtained from the owner of the herds.
Diagnosis of border diseases. Blood samples were tested for bovine pestivirus antibody and antigen using a virus neutralisation test and an antigen-capture enzyme-linked immunosorbent assay, respectively (17) .
A commercial ELISA kit (Institute Pourquier, France) was used for the detection of BDV antigens and antibody response according to the manufacturer's instructions. Samples were analysed and calculated with an automated ELISA reader at 450 nm (SIRIO S Elisa Reader, Indonesia).
Sample collection and biochemical assays. Blood samples were collected by venipuncture of the jugular vein into EDTA (for plasma) and silicone (for serum) vacutainer tubes. The blood samples were centrifuged at 1500 g for 10 min at 4°C. Plasma and serum were carefully separated from the packed cells and stored at -20°C until measurement of plasma MDA and nitric oxide (NO), and serum Hp and SAA concentrations. The remaining erythrocytes, after plasma was removed, were washed three times in 0.9% NaCl solution. Then one part of erythrocyte suspension was mixed with nine parts of distilled water to obtain a 10% erythrocyte haemolysate solution. This haemolysate was used to assay the GSHPx and SOD levels.
Thiobarbituricacid reactive substances, measured as MDA, were determined in plasma. In the study, plasma MDA, which is the last product of lipid peroxidation, was determined spectrophotometrically (32, 37) .
Plasma NO levels were measured in triplicate after conversion of nitrate to nitrite by nitrate reductase, and nitrite was measured by using the Griess reaction, as described previously (8) .
Erythrocyte GSH-Px enzyme activity was determined using the method previously described by Paglia and Valentine (28) .
Erythrocyte SOD activity was measured at 560 nm and was expressed as U/gHb (34) .
Hp measurement was based on prevention of the peroxidase activity of haemoglobin, which is directly proportional to the amount of Hp. The analytical sensitivity of this test in serum has been determined as 0.0156 mg/mL for Hp by the manufacturer (Tridelta Development Plc, Ireland).
SAA was measured by a solid phase sandwich-ELISA. The analytical sensitivity of this test in serum has been determined as 0.3 μg/mL for SAA by the manufacturer (Tridelta Development Plc, Ireland).
Statistical analysis. All results were expressed as mean ± standard deviation (SD). SPSS/PC software one-way repeated measure analysis of variance (ANOVA) was used to determine statistical differences between mean values of the studied parameters among the groups. Differences were considered as significant at P < 0.05.
Results
The infected goats displayed clinical symptoms of BDV infection, such as high fever, prolonged leukopoenia, anorexia, conjunctivitis, nasal discharge, dyspnoea, diarrhoea, abortions, stillbirths, and birth of small weak kids.
Plasma NO and MDA levels. The data comparing the plasma NO and MDA levels is presented in Table 1 . Mean NO and MDA levels of group A and B were significantly higher than in group C (P < 0.05). Mean NO and MDA levels of group B were significantly higher than in group A (P < 0.05). Erythrocyte SOD and GSH-Px levels. The data comparing the erythrocyte SOD and GSH-Px levels is presented in Table 1 . Mean erythrocyte SOD and GSHPx of group A and group B were significantly lower than in group C (P < 0.05). Mean erythrocyte SOD and GSH-Px levels of group B were significantly lower than in group A (P < 0.05).
Serum SAA and Hp levels. The data comparing the SAA and Hp levels is presented in Table 1 . Mean SAA and Hp levels of group A and B were significantly higher than in group C (P < 0.05). Mean SAA and Hp levels of group B were significantly higher than in group A (P < 0.05).
Discussion
The observed clinical symptoms of BDV were characterised by high fever, profound and prolonged leukopoenia, anorexia, conjunctivitis, nasal discharge, dyspnoea, and diarrhoea, and 30% mortality in young kids. These findings were previously reported in some other studies (5, 9) . Experimental infection of goats with pestivirus in early pregnancy induced a high rate of severe foetopathogenic effect, including foetal death, abortion, stillbirth, and birth of weak progeny (21) . The infection of pregnant goats causes severe placentitis and high death rates among foetuses (2) . In the study, there was 18% incidence rate of abortion in goats with BD.
Increased free radical production, and MDA formed due to lipid peroxidation, react with biological structures, such as proteins, lipids, carbohydrates, and DNA, and cause damage (24) . One of the major products of lipid peroxidation, MDA, has been reported to promote cross-linking bonds in the cell membrane and leads to unfavourable effects, such as changes in ion permeability and enzyme activity (23) . Lipid peroxidation is also responsible for tissue damage, which causes ailments, such as cancer, aging inflammatory diseases, and atherosclerosis (23) . Some studies analysed the correlation between the oxidative stress biomarkers and viral infections. Nisbet et al. (26) observed higher MDA levels in serum samples of the animals with Peste des petits ruminants (PPR) than of controls. In another study, a significant rise in the MDA levels in patients with chronic viral hepatitis compared to control group was revealed (20) . In the studies of pregnancy with various viral infections, the researchers have suggested that MDA activity is higher in affected patients than in controls (18, 29) . The present study revealed that the group A and group B of animals showed a significant rise (P < 0.05) of MDA level when compared with control group. However, mean MDA levels of group B were significantly higher than in group A (P < 0.05). This result is in accordance with previous reports (6, 19, 20) . An altered status of serum antioxidants in BDV-affected animals indicates the development of oxidative stress in these animals. This shows that oxidative stress biomarkers are shifted in favour of free radicals, and damage of the tissues may be induced in response to it.
Reactive oxygen and nitrogen metabolites play a complex role in many diseases and in metabolic regulation (16) . In abnormal situations and higher concentrations of NO, the compound becomes a proinflammatory mediator, inducing inflammation and pathological lesions (7) . NO functions as a signalling molecule in initiation of the inflammatory response to viruses (14) . In the study, NO concentrations increased in groups A and B compared to control group. Similarly increased NO concentrations have been previously reported in other viral diseases (1, 4) . This suggests that the increase may result from the response of phagocytic cells to infection.
It was previously reported that reduced erythrocyte GSH-Px and SOD activities were determined in some viral infections (20, 26) . In this study, SOD and GSH-Px activities in goats with BD were lower than in the control group. Increased oxidative stress can lead to changes in SOD and GSH-Px activities. The reduction shows that an anti-oxidant defence system due to an increased oxidative stress remains inadequate. A decrease in SOD and GSH-Px activities in the study can be explained by a serious damage that occurred in the erythrocyte membrane and other cellular structures, depending on the inability to fully detoxify oxygen free radicals. As SOD and GSHPx are involved in the conversion of radicals into less effective metabolites, these changes, coupled to an increase in MDA and NO concentrations, confirmed the occurrence of oxidative stress during BD.
The acute phase response has been studied in ruminant species, such as cow, sheep, and goats. Hp and SAA are considered as the most important and useful indicators of inflammatory processes (25, 30) . Hp is an effective indicator in the diagnosis and prognosis of mastitis, enteritis, peritonitis, pneumonia, endocarditis, and endometritis (25, 30) . Bovine SAA is elevated by acute, rather than chronic inflammatory conditions (13) . In addition, SAA levels increased following experimental infection with Mannheimia haemolytica, bovine respiratory syncytial virus, and in experimentally-induced and naturally-occurring cases of mastitis (12, 13) . APP has been studied in different viral infections. Several studies reported an association between the disease and the circulating level of APP (11, 12) . Wittum et al. (36) reported that feedlot cattle with clinical respiratory tract disease have a large and variable Hp response. Additionally, Ganheim et al. (11) and Orro et al. (27) reported that the acute-phase response after single infection with bacteria or virus did not parallel the clinical symptoms of the infected animals. Orro et al. (27) also indicated that APPs could show long-half life in blood after bovine respiratory disease (BRD) infection. In this study, SAA and Hp increased significantly in goats with BD. Serum SAA and Hp levels of aborting goats were also lower than in the non-aborting ones. This increase can be connected with severe placentitis formed in aborting goats. These findings suggest that measuring SAA and Hp can provide a more accurate assessment of prognosis of disease.
In conclusion, decreased GSH-Px and SOD activities, increased MDA, NO, Hp, and SAA levels, and a high abortion rate (18%) of goats may indicate the process of BD. Therefore, these values can be useful as a diagnostic tool, and health prognosis in goats with BD can be evaluated by the determination of acute phase proteins, oxidative stress biomarkers, and antioxidants.
